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Abstract 
The article presents the results of experimental study of hydrodynamic noise (HDN) arising as a result of flow of working fluid 
through the perforated throttling plates. The influence of the shape of the holes, its diameter and density of the location of holes 
on the HDN throttling plates was studied. It was established that the lowest HDN is implemented with a cylindrical-shaped holes 
with a minimal diameter and density of the holes’ location. The results allow choosing the form of perforated sleeves of low 
noise regulators of hydraulic systems. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the Dynamics and Vibroacoustics of Machines (DVM2014). 
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1. Introduction 
The reduction of pressure fluctuation and hydrodynamic noise (HDN) in pipeline systems is very important at 
many facilities in industries and transportation [1, 2]. 
It is known that the hydrodynamic noise appears during liquid energy transformation, during eddy formation and 
when flow goes past the obstacles. The vibrating elements of fittings emit this noise as airborne noise into the 
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workplace and atmosphere [3, 4]. This harmfully impacts on the environment and people, and also on the 
construction of elements, so they begin to vibrate at natural frequencies and become an extra source of noise. 
Valves with perforated throttling element are used for decreasing the HDN [5]. Such devices are used by world’s 
leading companies that produce valve equipment (Fisher, Mesoneiland and others) [6].  
The purpose of this work is the determination of the influence of various parameters of perforated throttling 
element at the HDN level. 
2. Description of the experiment 
A series of experiments at the “Avrora JSC” hydraulic stand [5] has been carried out to determine the relationship 
between noise and hydraulic parameters. The testing method is similar to the one described in the Ref. [7]. Throttle 
plates with groups of different hole-geometries were used as the research object. Under different conditions, the 
following experiments were carried out: 
x the influence of the diffuser in throttle hole on the HDN level using plates A and C. 
x the influence of hole diameters on the HDN level using plates A, B, C, D and G. 
x the influence of perforation density on the HDN level using plates C, D and E. 
The amount of holes in each plate has been chosen in a way, which ensures that all plates have the same passage 
area. Groups of the holes in the plates are arranged in knots of the 6-corner grid with horizontal rows, such that the 
distance between any two adjoining holes is the same, which ensures equally mutual influence of the flows through 
the holes [8]. The distance between the centers of adjoining holes does not depend on the hole diameter and it is two 
times the diameter of the hole, except for the plates D and E intended for the study of the density effect on the HDN 
level. 
The characteristics of the plates are given in Table 1, the sizes of basic elements and their arrangements are 
shown in the Fig. 1. 
Table 1. Plates characteristics. 
Plate  Diameter of the holes, mm 
The area of one 
hole, mm2 
The number 
of holes 
The total area of 
holes, mm2 
The distance between the 
centers of holes, mm Comments 
A 1.5 1.767 61 107.8 3.0 At the outlet diffuser 
B 1.1 0.950 113 107.4 2.2 Direct hole 
C 1.5 1.767 61 107.8 3.0 Direct hole 
D 1.5 1.767 61 107.8 4.5 Direct hole 
E 1.5 1.767 61 107.8 6.0 Direct hole 
F 2.1 3.464 31 107.4 4.2 Direct hole 
G 3.0 7.069 15 106.0 6.0 Direct hole 
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Fig. 1. Parameters of the throttling plates. 
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The plates were embedded between two standard welded plain collets of pipes of the diameter 80 and were 
tightened with paronite grummet. Spectrograms of the HDN level was obtained with the help of hydrophone and 
digital multichannel noise and vibration analyzer A17-U8 [9]. Supply of the working liquid was carried out by a 
horizontal segmental type pump 105/490 through flexible decoupling manifold of the diameter 200 with crossover 
to a pipeline of diameter 80. The scheme of the installation control section is shown on Fig. 2. 
 
 
Fig. 2. The experimental setup scheme. 
 
For each plate, a series of measurements of pressure difference was made within the range of 1 to 10 bar with 
step of 1 bar, which resulted in the considered range of medium flow speeds in the cross-section of throttle from 
14.5 m/s to 44.8 m/s. After setting the pressure drop at the plate, the temperature of liquid was measured and it 
ranged from 26qC to 31qC for each plate. The volumetric flow rate was measured using a gauging-tank of 0.6 -1 
m3volume. 
The pressure in drain pipe was maintained at about 20 bar to avoid the cavity formation, so the drain pressure was 
twice the maximum pressure difference at the tested plate.  
The characteristics of testing modes are shown in table 2. 
 
Table 2. Testing modes. 
Rate 
Pressure 
difference 
(±0.05) bar 
Volumetric flow rate, m3/h 
A B C D E F G 
1 10 21.1 20.5 18.0 17.0 17.2 18.6 17.4 
2 9 20.3 19.8 17.2 16.3 16.4 18.0 16.8 
3 8 19.4 18.4 16.1 15.3 15.5 17.1 15.9 
4 7 18.2 17.2 15.3 14.8 14.6 16.0 14.9 
5 6 16.9 15.8 14.4 13.5 13.5 15.0 14.0 
6 5 15.6 14.5 13.0 12.2 12.2 13.9 12.7 
7 4 14.1 13.1 11.8 11.2 11.2 12.6 11.6 
8 3 12.6 11.4 10.6 9.8 10.2 11.1 10.3 
9 2 10.6 9.6 8.7 83 8.6 9.3 8.6 
10 1 8.5 8.0 7.2 6.8 6.9 7.6 7.2 
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As shown in the Fig. 2, the hydrophone was installed in the drain part of the pipeline at the distance of 1m from 
the noise source. Distance of 1m was chosen in such a way that the whirl forming zone behind the throttling plate 
did not directly influence the measuring element and was calculated to be 780mm. 
3. The analysis of the dependence of HDN level on the potential continuous diffuser at the throttle element 
output 
Let us consider the results of measurements, obtained for plates A and C. Flow characteristics and differential 
characteristics of the plates are given in the Fig. 3. 
 
 
Fig. 3. Volumetric flow rate dependency on pressure difference of plates A and C. 
 
As shown in the given chart, the curves of the volumetric flow rate and pressure difference of the plates A and C 
do not coincide. Moreover, the difference in volumetric flow rates at the same pressures is 17% less than the lowest 
volumetric flow rate.  
Let us compare spectrograms of the HDN for the same pressure differences and the medium speeds of flows in 
throttling cross-section. In Fig. 4, spectrograms for plates A and C are shown while the pressure difference is 6 
bar(medium flow speed – 34.6m/s). 
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Fig. 4. Spectrograms for plates A and C at the 6 bar pressure difference. 
 
The stipulated type of the spectrogram is observed in all modes. As shown in the given spectrogram, the HDN 
level of plates A and C practically coincide up until the frequencies below 50 Hz, for higher frequencies the noise 
level of plate A exceeds the noise level of plate C by 10 dB maintaining the same shape of curve. 
Let us compare medium levels of HDN for plates A and C in the range of frequencies from 500 Hz to1 kHz at 
various flow speeds (see Fig. 5). 
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Fig. 5. Medium level of the HDN in the range of frequencies from 500 Hz to1 kHz vs. flow speed for plates A and C. 
 
It is obvious that due to the difference in volumetric flow rates, it is reasonable to compare also the dependences 
of HDN level on power, dispersed in throttle cross-section (see Fig. 6). 
 
 
Fig. 6. Medium level of the HDN in the range of frequencies from 500 Hz to1 kHz vs. power dissipation for plates A and C. 
 
As shown in the given graphs, diffuser in throttle holes even with a cone ratio of 1:8 has no positive effect on the 
HDN level. On the contrary, the HDN level of the plate with the diffuser highly exceeds the HDN level of the plate 
with straight holes. 
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From the results of the given plates, the specialists from IMA with SSAU made a computer simulation of the 
processes in the hole with a diffuser. The program ANSYS was used for the modeling [10]. Finite element grid was 
generated with the minimum element size of 10-6 in ANSYS FLUENT 2D module (this module was used because of 
the symmetry of the elements). From the results of computations and experiments, it can be concluded that the 
presence of a diffuser with any coning angle leads to HDN level increment due to whirl formation in near-wall layer 
of output area and the further formation of these whirls [10].  
4. The analysis of the HDN level influence on the throttle element holes diameter 
Let us consider the results of measurements obtained for plates B, C, F and G. Volumetric flow rate dependency 
on pressure difference of plates is given in the Fig. 7. 
 
 
Fig. 7. Volumetric flow rate dependency on pressure difference of plates B, C, F and G. 
 
In Fig. 8 the comparative spectrograms of the plates at the 6 bar pressure difference are given. 
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Fig. 8. The HDN spectrograms of plates B, C, F and G at 6 bar pressure difference. 
 
As shown in the given spectrogram, as the holes diameter increases, the HDN level increases. Let us consider the 
dependency of the HDN medium level on the range of the frequencies from 500 Hz to 1 kHz on flow speed in the 
throttle cross-section (see Fig. 9). 
 
Fig. 9. The HDN medium level in the frequency range of 500 Hz – 1 kHz vs flow speed of plates B, C, F and G. 
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As expected, an increment of the orifice diameter, while the total area of the holes stays the same causes the 
HDN level to increase. Since the acoustic power produced by the control valve is proportional to the square of the 
flow rate: 
2~ QN    (1) 
Hence, the radiation power of each channel will be proportional to 
n
Q2
therefore the total radiated acoustic energy 
of the n channels will be n times reduced. This effect can be seen in the results of this experiment. 
5. The analysis of the HDN level dependancy on the perforation density of the throttle element 
The purpose of HDN level measurements of plates C, D and E was to determine the effect of the interaction of the 
flows coming out from the holes to the HDN total level of holes group, for which were made plates with the 
distances  which were 2, 3 and 4 times diameter of the holes between their centers. Volumetric flow rate dependency 
on pressure difference of plates C, D, E is given in the Fig. 10. 
 
 
Fig. 10. Volumetric flow rate dependency on pressure difference of plates C, D, E 
As shown in the Fig. 10, the curves of the volumetric flow rate dependency on pressure difference of plates C, D, 
E almost coincide. Let us look at the comparative spectrogram of plates C, D and E in the mode that conforms to 6 
bar pressure difference (see Fig. 11). It is obvious that interaction of flows from the adjoined holes does not impact 
on the level of low-frequency noise (below frequencies from 300 to 400 Hz), for frequencies more than 500 Hz the 
HDN level decreases with increasing distance between the holes. 
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Fig. 11. The HDN spectrogram for plates C, D and E at the 6 bar pressure difference. 
 
Let us look at the HDN medium level dependency in the range of frequencies from 500 Hz to 1 kHz on the 
medium flow speed in throttle cross-section (see Fig. 12). It is shown in the diagrams, that the decrement in the 
HDN level is noticeable when the centers of holes of throttling group are separated at the flow speed up to 30-40 
m/s. 
 
 
Fig. 12. The HDN medium level dependency in the range of the frequencies from500 Hz to 1 kHz on flow speed for plates C, D and E. 
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Conclusion 
The results allow choosing the form of production of low noise elements of flow parts with perforated plugs, plates 
and other elements which are similar to these. 
It is concluded that a diffuser with any angle of taper has a negative influence on the noise level. 
During the design of elements with the demands on the HDN level it is necessary: 
x to use perforation with smaller size element according to the allowance of the production technology and the 
purity of operating medium; 
x to exclude the elements with diffusers at the output from the flow part; 
x to distribute the perforation holes at the maximum possible distance from each other according to the product 
construction. 
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